INTRODUCTION
Pathogen ingress into host tissue is a critical first step during infection. Phytopathogenic bacteria do not have the means to penetrate the leaf epidermis directly but rather rely on natural surface openings such as stomata, which represent major entry ports for foliar bacterial pathogens (Melotto et al., 2008) . To defend themselves, plants have evolved sophisticated strategies to perceive their attacker during the infection process and to translate this perception into an effective immune response. Recognition of highly conserved microbe-associated molecular patterns (MAMPs) by host cell transmembrane pattern recognition receptors (PRRs) leads to MAMP-triggered immunity (MTI) that restricts pathogen growth (Jones and Dangl, 2006) . Upon MAMPs perception plants rapidly close stomata to inhibit the entry of pathogen and host tissue colonization (Melotto et al., 2006; Melotto et al., 2008; Zhang et al., 2008; Liu et al., 2009; Zeng and He, 2010; Zeng et al., 2011; Desclos-Theveniau et al., 2012; Kumar et al., 2012; Singh et al., 2012; Montillet and Hirt, 2013; Montillet et al., 2013; Du et al., 2014) . Pathogeninduced stomatal closure requires microbial perception though immune PRRs such as FLAGELLIN-SENSING 2 (FLS2), which perceives the bacterial flagellum (GomezGomez and Boller, 2000) . It also requires the plant immune hormones salicylic acid (SA) and abscisic acid (ABA) (Melotto et al., 2006; Zhang et al., 2008; Zeng and He, 2010; Zeng et al., 2011; Du et al., 2014) .
Pseudomonas syringae is a widespread bacterial pathogen that causes disease on a broad range of economically important plant species and a model pathogen for understanding plant-microbe interactions. In order to infect, P. syringae produces a number of phytotoxins and delivers effector proteins into eukaryotic cells (O'Brien et al., 2011; Xin and He, 2013) . Many P. syringae strains have evolved a sophisticated strategy for manipulating the complex hormonal homeostasis in which plant immunity relies on, by producing coronatine (COR), a mimic of the bioactive jasmonate (JA) hormone, JA-isoleucine (JA-Ile) (Fonseca et al., 2009a) . In general terms, SA signaling mediates resistance against biotrophic and hemi-biotrophic microbes such as P.
syringae, whereas a combination of JA and ethylene (ET) pathways activates resistance against necrotrophs such as the fungal pathogen Botrytis cinerea (Robert-Seilaniantz et al., 2011) . SA and JA/ET defense pathways generally antagonize each other and thus, elevated resistance against biotrophs is often correlated with increased susceptibility to necrotrophs, and vice versa (Glazebrook, 2005) . COR contributes to disease symptomatology by inducing chlorotic lesions (Kloek et al., 2001; Brooks et al., 2004; Uppalapati et al., 2007) and facilitates bacterial entry into the plant host by stimulating reopening during Pseudomonas pathogenesis as are the anac19/anac55/anac72 triple mutants.
Despite our increasing understanding of JA signaling, the specific JAZ repressors and their TF targets that modulate COR-induced stomatal reopening during bacterial infection remain elusive. Here, we demonstrate that JAZ2 is the major JAZ co-receptor of COR in stomata guard cells that regulates stomatal aperture by a signaling cascade composed of the signaling module COI1-JAZ2-MYC2,3,4-ANAC19,55,72. This module is hijacked by bacterial-derived COR to promote infection by inducing JAZ2 degradation and the subsequent activation of MYC2, MYC3 and MYC4, which in turn activate ANAC19, ANAC55 and ANAC72. A dominant mutation in JAZ2, resistant to COR-induced degradation, fully prevents stomatal reopening by COR and provides resistance to bacterial infection. Arabidopsis plants lacking the JAZ2 gene are partially impaired in stomata closure upon pathogen perception and are more susceptible to
Pseudomonas. Remarkably, due to the fact that JAZ2 is expressed primarily at the stomata guard cells, these mutants show unaltered levels of resistance to necrotrophic pathogens because jaz2 mutation does not significantly affect apoplastic defenses. Therefore, our results evidence novel cell type specific strategies for crop protection against bacterial infections that use stomata as entry ports, without compromising whole leaf resistance to necrotrophic pathogens.
RESULTS

JAZ2 is expressed at stomata guard cells.
To identify JAZ genes specifically expressed at stomata, we produced transgenic Arabidopsis lines harboring a promoter construct covering around 2 Kb upstream of the ATG of each JAZ fused to the β-glucuronidase (GUS) reporter gene. We successfully obtained stable transgenic plants expressing the corresponding JAZ promoter:GUS fusions for seven out of the 13 JAZ genes (JAZ1, JAZ2, JAZ3, JAZ5, JAZ6, JAZ9 and JAZ12) . Detailed examination of GUS expression driven by JAZ regulatory sequences at the stomata revealed that JAZ2 was the only one among these JAZs expressed in guard cells (Figure 1) . In basal conditions, the JAZ2 promoter was strongly and exclusively expressed in guard cells, indicating that JAZ2 has an important function at the stomata.
JA treatment induced it in roots and mesophyll cells of young seedlings, which partially masked the guard cell signal. Histochemical analyses of pJAZ2:GUS transgenics into the coi1-30 background revealed that basal expression of JAZ2 at the stomata occurs in a COI1-independent manner (Figure 1 ). However, COI1 is required for JAresponsiveness of JAZ2 in mesophyll and root cells.
JAZ2 regulates stomata dynamics during bacterial pathogenesis.
The localization of JAZ2 in guard cells suggested that regulates stomatal dynamics during bacterial invasion. In order to address this hypothesis, we first obtained an Arabidopsis transposon insertion mutant, designated jaz2-3, in the accession Nossen (No-0), and selected homozygous plants ( Figure S1 ). Gene expression analyses supported that this mutant is a knock-out, or at least a severe knock-down, since it does not express the full-length JAZ2 gene, and expresses very low levels of truncated mRNA 3' downstream the insertion ( Figure S1 ).
We next analyzed the ability of jaz2-3 to close stomata upon microbial perception and reopen it in the presence of COR. MAMPs in crude boiled P. syringae pv. tomato DC3000 (Pto DC3000) bacterial extracts induce stomata closing (Kunze et al., 2004; Gimenez-Ibanez et al., 2009a) , whereas addition of COR to these extracts promote stomata reopening (Melotto et al., 2006; Melotto et al., 2008) . Thus, we incubated whole leaves with crude Pto DC3000 bacterial extracts (MAMPs), MAMPs plus COR or a mock solution as a control. MAMPs induced stomatal closure in WT plants and coi1-30 mutants. However, the single jaz2-3 mutant was partially impaired in MAMP-induced stomata closing (Figure 2A ). Incubation of leaves with MAMPs and COR, simultaneously, triggered COR-induced stomata reopening in jaz2-3 and WT plants, but not in coi1-30 (Figure 2A ). These results support previous observations indicating that COR-induced reopening of stomata is dependent on COR perception through the receptor COI1 (Melotto et al., 2006) , and suggests that JAZ2 plays a role in modulating stomata closure after bacterial perception.
Pathogen-induced stomatal closure in Arabidopsis depends on SA synthesis and signaling pathways (Melotto et al., 2006; Zeng and He, 2010; Zeng et al., 2011; Arnaud and Hwang, 2015) . Thus, we next evaluated the ability of WT and the single jaz2-3 mutant to activate SA signaling upon MAMP perception by monitoring the expression of the SA marker genes PR1, PR2 and PR5. MAMPs induced significantly PR1, PR2
and PR5 expression in WT plants after 5 hours of incubation ( Figure 2B ). In contrast, MAMP induced expression of these genes was strongly compromised in the single jaz2-3 mutant compared to its control mock treatment. This suggests that the compromised ability of plants lacking JAZ2 to trigger MAMP induced stomatal closure might be the consequence of a defective activation of SA signaling pathway upon pathogen perception.
In addition to induce stomatal reopening, COR is also essential for the bacteria to overcome the mesophyll cell-based defenses occurring in the apoplast (Cui et al., 2005; Laurie-Berry et al., 2006; Zeng et al., 2011; Zheng et al., 2012) . To differentiate the contribution of JAZ2 to bacterial defense by either regulating stomata aperture and/or mesophyll cell-based defenses in the apoplast, we compared bacterial replication of Pto DC3000 on WT (No-0) and jaz2-3 Arabidopsis plants infected by spray inoculation or syringe infiltration. The spray inoculation technique mimics natural infection conditions and is one of the most sensitive techniques to assess plant susceptibility to bacterial pathogens (Zipfel et al., 2004) . In contrast, the syringe infiltration bypasses the early stomatal level of regulation measuring mainly apoplastic cell-based defenses. Three days post-spray inoculation bacterial titers in jaz2-3 plants were significantly higher than those in its respective WT control. However, the titers were more similar in jaz2-3 and WT after infiltration ( Figure 2C ). These results indicate that JAZ2 positively regulates disease resistance to Pseudomonas bacteria and support a predominant role for JAZ2 in early penetration stages of the bacteria through the stomata compared to the weak role of JAZ2 on apoplastic cell-based defenses. Dominant jaz2Δjas mutants are impaired in COR-induced stomata reopening and are resistance to P. syringae infections.
Truncated JAZ forms lacking the C-terminal Jas domain (JAZΔJas) are resistant to COI1-dependent degradation and behave as constitutive active repressors, blocking the activity of TFs and conferring JA-insensitivity (Chini et al., 2007; Katsir et al., 2008; Sheard et al., 2010; Moreno et al., 2013) . To further evaluate the effect of this dominant repressor in stomatal dynamics we searched for Arabidopsis T-DNA insertion mutants that would result in JAZ2ΔJas forms under the control of its natural genomic context.
We identified a T-DNA line (GABI collection) that contained an insertion in the third exon ( Figure S2 ), and therefore, translated JAZ2 into an aberrant protein lacking the Cterminal Jas domain. This mutant was designated jaz2Δjas.
As a control for specificity, we also included in these analyses other jazΔjas mutants from JAZ genes not expressed at stomata. Thus, we used the previously described jai3-1 dominant mutant (hereafter named jaz3Δjas) (Chini et al., 2007) and a newly identified jaz1Δjas in the Arabidopsis accession Col-7 ( Figure S3 ), which also behaves as a dominant mutant as shown below. JAZ3 was prevalently expressed in roots, both in basal and JA induced conditions ( Figure S4 ). Similarly, JAZ1 was also expressed in roots in basal conditions whereas JA treatment strongly induced JAZ1 in roots and mesophyll cells ( Figure S4 ). Therefore, JAZ1, JAZ2 and JAZ3 have different expression patterns, which suggest that they may have diverse functional specificities.
To assess the effect of these different mutations in stomatal and apoplastic immunity, we incubated whole leaves of jaz1Δjas, jaz2Δjas and jaz3Δjas mutants and their respective WT backgrounds with MAMPs, MAMPs plus COR or a mock control, as described above. Similar to WT and coi1-30 plants, the dominant version of JAZ1, JAZ2 and JAZ3 closed stomata when incubated with MAMPs, indicating that these repressive truncated JAZs forms do not compromise stomata closing upon microbial perception ( Figure 3A) . When leaves were incubated with MAMPs and COR simultaneously, WT, jaz1Δjas and jaz3Δjas Arabidopsis plants induced COR-mediated stomatal reopening as expected ( Figure 3A) . However, similar to coi1-30, jaz2Δjas mutants were fully impaired in COR-mediated stomatal reopening. This indicates that JAZ2 regulates stomata dynamics and that COR-induced stomata reopening require inhibition of JAZ2.
We next compared bacterial replication of Pto DC3000 on Arabidopsis WT (Col-0 and Col-7), jaz1Δjas, jaz2Δjas, jaz3Δjas and coi1-30 plants infected by spray inoculation or syringe infiltration. Infections with sprayed Pto DC3000 bacteria showed similar symptom development on WT and jaz3Δjas plants ( Figure 3B ). In contrast, jaz1Δjas and jaz2Δjas were remarkably more resistant than WT and resembled coi1-30 mutants, with very few chlorotic symptoms typical of Pseudomonas infections ( Figure 3B ). Plant symptomatology correlated well with bacterial titers. Similar to coi1-30 plants, jaz1Δjas
and jaz2Δjas leaves sprayed with Pto DC3000 contained remarkably lower bacterial titers than WT, whereas bacterial counts in jaz3Δjas plants were significantly higher and close to WT levels ( Figure 3C ). Still, bacterial levels in jaz2Δjas leaves were always slightly higher than those in coi1-30 plants. We next performed Pto DC3000 infection assays by syringe infiltration of Pto DC3000 into the apoplast. jaz3Δjas leaves contained similar bacterial counts as those observed in WT (Col-0) plants, indicating that JAZ3 does not play a role in regulating COR-induced stomatal aperture nor apoplastic defense responses in aerial tissues ( Figure 3C ). In contrast, jaz1Δjas leaves contained still lower bacterial counts compared to WT plants when Pto DC3000 bacteria were infiltrated onto the leaf, suggesting that JAZ1 plays a major role in the regulation of apoplastic defense responses ( Figure 3C ). Remarkably, disease susceptibility could be mostly restored in the jaz2Δjas mutant when bypassing stomata regulation through syringe injection of bacteria ( Figure 3C ). Indeed, differences in bacterial growth observed when Pto DC3000 bacteria was sprayed were significantly diminished when the same bacteria were injected into the leaf, supporting the idea that JAZ2 functions during the early penetration process of Pto DC3000 bacteria by specifically regulating stomatal aperture. Still, jaz2Δjas leaves typically contained slightly less bacterial counts than WT plants which reflects a minor effect of JAZ2 on aploplastic defense.
To further evaluate whether COR contributes to promote bacterial pathogenicity by targeting JAZ2, we sprayed Pto DC3000 or the COR-deficient Pto DC3000 cor− bacteria in WT, jaz2Δjas and coi1-30 plants. As we previously observed, three days after spray with Pto DC3000, WT leaves contained higher bacterial titers than jaz2Δjas and coi1-30 mutants ( Figure 3D ). In contrast, all WT, jaz2Δjas and coi1-30 plants exhibited similar levels of bacterial growth when the COR-deficient Pto DC3000 cor− was sprayed onto the leaf ( Figure 3D ). These results indicate that the virulence effect of COR during the bacterial infective process requires elimination of JAZ2, and therefore, cannot be exerted in this constitutively active variant of JAZ2, which is resistant to degradation. Supporting this, further experiments to determine JAZ2 protein stability in the presence of COR at stomata indicated that concentrations as low as 50 µM of COR induced the rapid degradation of JAZ2 protein at guard cells in transgenic Arabidopsis plants ectopically expressing JAZ2 fused to the GUS reported gene ( Figure S5 ).
Altogether, these data support a prominent role of JAZ2 in regulating stomatal dynamics during the infection process of phytopathogenic Pseudomonas bacteria.
JAZ2 has a minor role in JA-responses outside the guard cell
To further study other possible roles of JAZ2 outside guard cell regulation, we analyzed 
MYC2, MYC3 and MYC4 regulate redundantly COR-mediated stomatal reopening
COR-induced stomatal reopening and apoplastic defense is achieved through direct activation of ANAC19, ANAC55 and ANAC72 by the TF MYC2 (Zheng et al., 2012) .
However, COR-induced NAC induction is not completely abolished in a myc2 mutant (Zheng et al., 2012) , suggesting that additional TFs should play a redundant function with MYC2 in regulating COR-induced stomatal reopening. Furthermore, it remains to be demonstrated whether Arabidopsis myc2 mutants are affected in COR-mediated stomatal reopening during Pseudomonas pathogenesis as are the anac19/anac55/anac72 triple mutants (Zheng et al., 2012) . MYC3 and MYC4 are also targets of JAZ repressors, JAZ2 among others, and regulate redundantly with MYC2 some JA-Iledependent responses, including pathogen resistance (Cheng et al., 2011; FernandezCalvo et al., 2011; Niu et al., 2011; Moreno et al., 2013) . To investigate whether MYC3 and/or MYC4 could play a redundant role with MYC2 in regulating COR-mediated stomata reopening, we firstly examined the tissue-specific expression patterns of these TFs. Gene expression data in public databases (http://bbc.botany.utoronto.ca/efp) indicated that MYC3 and MYC4 are expressed in mature guard cells, although the expression of MYC4 was much lower ( Figure 4A ). Promoter-GUS fusion assays of MYC3 and MYC4 confirmed these data ( Figure 4B ).
We next analyzed the ability of single myc2, double myc2myc3 and triple myc2myc3myc4 mutants to induce COR-mediated stomatal reopening. We included in these experiments coi1-30 as a negative control. As expected, all mutants and WT plants closed stomata when incubated with MAMP extracts ( Figure 4C ). However, in the presence of MAMPs and COR, myc2myc3myc4 triple mutants could not reopen stomata, similar to coi1-30 ( Figure 4C ). myc2myc3 mutants showed an intermediate phenotype, whereas the single myc2 mutant induced COR-mediated stomatal reopening similar to WT plants. Altogether, these results indicate that depletion of these three MYCs is sufficient to render plants fully insensitive to COR in terms of stomata reopening and that MYC2, MYC3 and MYC4 play redundant roles in controlling CORinduced stomata reopening.
COI1 regulates both apoplastic defenses and stomatal reopening (Melotto et al., 2006; Zheng et al., 2012) . Bacterial growth after infiltration or spray inoculation was very similar in myc2myc3myc4 and coi1-30, further supporting that these MYCs also regulate both defensive processes ( Figure 4D ). Consistent with a redundant function, the single myc2 and double myc2myc3 mutants showed an intermediate phenotype between WT and the triple myc2myc3myc4 when bacteria were sprayed inoculated onto the leaves or directly infiltrated into the apoplast ( Figure 4D ). These results are consistent with the effects of myc2, myc3 and myc4 mutants in stomatal aperture.
We further investigated to which extent COR contributes to promote bacterial pathogenicity through these MYCs. When COR-deficient Pto DC3000 COR− bacteria was sprayed onto WT and myc2myc3myc4 plants, both exhibited rather similar levels of bacterial growth compared to the almost three log (cfu/cm 2 ) difference that we typically observed when we sprayed Pto DC3000 onto the same plants ( Figure 4E ), supporting the notion that the majority of the virulence effect of COR is mediated by these three MYCs.
Altogether, these results suggest that MYC2, MYC3 and MYC4 act redundantly controlling both COR-induced stomata reopening and apoplastic defenses. MYC2 can bind the promoter of ANAC genes and regulate their expression when overexpressed in transgenic plants (Zheng et al., 2012 genes but not to control gene ACT8 (Figure 6 ). These results indicate that both MYC2
and MYC3 activate the expression of the three ANACs by direct interaction with their promoters under their natural genomic contexts.
The jaz2Δjas mutant shows unaltered levels of resistance against necrotrophic pathogens JA and SA defense pathways generally antagonize each other and thus, strategies to enhance apoplastic defenses against necrotrophs often lead to increased susceptibility to biotrophs, and vice versa (Glazebrook, 2005; Grant and Lamb, 2006) . It is well established that compromised JA defenses in mesophyll cells facilitate very aggressively the pathogenesis by necrotrophic fungi (Penninckx et al., 1998; Thomma et al., 1998; Diaz et al., 2002; Thaler et al., 2004; Stasevich and McNally, 2011) . In contrast, compromised JA responses at stomata should not alter susceptibility to necrotrophs, which invade the plant tissue by active penetration through enzymes and/or appressoria-like structures that establishes a primary lesion through which can penetrate into the host surface (Mendgen et al., 1996) . Thus, a main cell specific JAZ2 function at guard cells implies that jaz2Δjas mutation should not compromise apoplastic defenses to necrotrophs. To test this, we measured susceptibility of WT, jaz1Δjas, jaz2Δjas, jaz3Δjas and coi1-30 plants to the necrotrophic fungus B. cinerea. Since JAZ1 is expressed in leaves and roots, JAZ3 is preferentially expressed in roots ( Figure S4 ) and COI1 is widely expressed in most tissues, jaz1Δjas, jaz3Δjas and coi1-30 mutants seemed appropriate controls. Consistent with published data, six days after B. cinerea infection coi1-30 Arabidopsis plants showed enhanced fungal symptoms and increased spore production compared to control plants ( Figure 7A ). Consistent with JAZ1 expression in leaves, jaz1Δjas also supported significantly higher number of spores compared to WT plants despite it was not comparable to the levels of susceptibility of coi1-30 plants. In contrast, jaz2Δjas and jaz3Δjas behaved similar to WT in terms of fungal symptoms and spore production ( Figure 7A ), indicating that the jaz2Δjas mutation does not alter apoplastic susceptibility to the necrotrophic fungus B. cinerea.
Analyses of other necrotrophic fungi such as Plectosphaerella cucumerina ( Figure 7B) and Alternaria brassicicola (Figure 7c ) gave similar results, indicating that jaz2Δjas
retains WT levels of resistance to a broad range of necrotrophs. Six days after P.
cucumerina and A. brassicicola infection coi1-30 plants showed massive fungal symptoms and increased spore production compared to WT plants. In contrast, jaz2Δjas
resembled WT plants with similar symptoms and content of spores in leaves ( Figure 7B and 7C). These results further support a key role of JAZ2 in regulating stomatal dynamics, but only a minor role in apoplastic defense responses. Moreover, these results highlight the potential of novel strategies for crop protection by manipulating JA/CORdependent signaling events at the entry ports of specific microbes through the expression of JAZΔJas forms at guard cells. These new strategies will increase resistance to biotrophs without affecting susceptibility to other general pathogens due to the well-known antagonism between JA and SA.
Altogether, our data indicate that COR-COI1-JAZ2-MYC2/3/4-NAC19/55/72 forms a signaling module controlling stomatal responses during the invasive process of phytopathogenic Pseudomonas syringae, whereas other JAZs would likely form such modules to regulate apoplastic defenses.
DISCUSSION
Stomata have been classically assumed to merely be passive ports for pathogen entry.
However, it is now clear that stomata are an integral part of the plant immune system, and regulation of its aperture prevents pathogen entry into leaves and subsequent colonization of host tissues (Melotto et al., 2006; Melotto et al., 2008; Zhang et al., 2008; Liu et al., 2009; Zeng and He, 2010; Zeng et al., 2011; Desclos-Theveniau et al., 2012; Singh et al., 2012; Montillet et al., 2013; Du et al., 2014) . Pathogen-induced stomatal closure requires microbial perception though immune PRRs and the essential plant hormones SA and ABA (Melotto et al., 2006; Zhang et al., 2008; Zeng and He, 2010; Zheng et al., 2012; Du et al., 2014; Arnaud and Hwang, 2015) . To evade the stomatal defense layer, Pseudomonas produces COR, a bacterial phytotoxin that suppresses stomatal immunity by activating the JA-Ile pathway. COR-induced stomatal reopening requires perception by COI1 and is achieved through activation of the three NAC TFs ANAC19, ANAC55 and ANAC72 that repress SA biosynthetic enzymes and SA accumulation (Zheng et al., 2012) . Perception of COR by COI1 requires a JAZ co-receptor (Sheard et al., 2010) , which represses the activity of TFs and is degraded upon COR/JA-Ile-triggered ubiquitination by SCF COI1 . However, the identity of the specific JAZ repressor and its TFs targets suppressing stomatal immunity remained unknown.
In this work, we filled the signaling gap between the COI1 receptor and the NAC TFs by the identification of JAZ2 and its targets MYC2, MYC3 and MYC4. Thus, we
showed that phytopathogenic Pseudomonas produces COR to hijack a COI1-JAZ2-MYC2/3/4-NAC19/55/72 signaling module controlling stomatal responses during the invasive process. Cell-specific expression of JAZ2 at guard cells suggested that JAZ2
could regulate stomatal dynamics during bacterial invasion. Loss-and gain-of-function analyses using jaz2-3 and jaz2Δjas mutants after infiltration or spray inoculation confirmed this hypothesis, and supported the idea that JAZ2 primarily functions at the guard cells. The gain-of-function jaz2Δjas allele blocked stomatal reopening and increased resistance to Pto DC3000, whereas the loss-of-function jaz2-3 was partially impaired in stomatal closure and more susceptible to the bacteria. This partial phenotype of jaz2-3 in stomatal closure could be due to redundancy among JAZ proteins. In fact, COR can still be perceived in the jaz2-3 mutant at the stomatal guard cells, suggesting that in these cells other JAZ proteins should be co-receptors with COI1, in addition to JAZ2. We only succeed analyzing the expression patterns of 7
JAZs, and therefore, a role for the remaining JAZs (JAZ4, JAZ7, JAZ8, JAZ10, JAZ11
and JAZ13) at the stomata could be expected.
Similar to other jaz loss-of-function mutants (ie. jaz10; Yan et al., 2007) , the lack of JAZ2 should relieve TFs from repression and, therefore, render the plant tissue hypersensitive to JA, thus antagonizing the SA-dependent closure (Melotto et al., 2006; Zeng and He, 2010; Khokon et al., 2011; Zeng et al., 2011) . In line with this, we showed that MAMP-induced PR gene expression (SA markers), was strongly compromised in loss-of-function jaz2-3 mutants compared to WT plants, indicating that the inability of this mutant to trigger stomata closing upon microbial perception is likely due to suppression of SA-dependent closure. ). An interesting conclusion of our results is that although JAZs are generally redundant, they show specificities that depend mainly on their tissue expression patterns. Therefore specific plant responses to JAs may be the consequence of the specific spatio-temporal expression patterns of each JAZ and its targets. This introduces a novel layer of control of JA signaling during abiotic and biotic interactions.
It was previously reported that COR induces ANAC19, ANAC55 and ANAC72 expression through MYC2, although defects in stomata dynamics have not been reported in myc2 mutants (Zheng et al., 2012) . We found that MYC3 and MYC4 are expressed in stomata guard cells and act redundantly with MYC2 in the regulation of stomata closure. Defects in COR-induced stomata reopening were obvious in plants lacking both MYC2 and MYC3 genes, and responses were fully blocked in a triple mutant lacking all three genes. Consistently, we found that MYC2, MYC3 and MYC4 additively control COR-dependent expression of ANAC19, ANAC55 and ANAC72. The function of ANAC19, ANAC55 and ANAC72 is not restricted to the guard cells, but also repress SA defenses in mesophyll cells (Zheng et al., 2012 It is worth noting that our ANAC expression analyses were performed in whole seedlings and, therefore, we measured COR-induced NAC expression in stomata and apoplast. We were unable to perform these analyses in purified guard cells because stomata purification protocols are based on several enzymatic digestions to obtain protoplast, and protoplasting induces the expression of stress-associated genes including Genetic manipulation of defense pathway genes has succeeded enhancing resistance to specific kinds of pathogens. However, due to the antagonistic interactions between the SA and JA defense pathways, efforts to develop plants with broad-spectrum resistance by manipulation of signaling genes had limited success so far (Robert-Seilaniantz et al., 2011; Pieterse et al., 2012) . In general, alteration of apoplastic defenses to increase resistance to biotrophic pathogens results in enhanced susceptibility to necrotrophs, and vice versa. Solving this trade-off is a major challenge for a sustainable agriculture and requires uncoupling the antagonism between hormonal pathways. Remarkably, dominant jaz2Δjas mutants showed strong resistance to the hemi-biotroph P. syringae, without altering levels of resistance against a broad range of necrotrophic fungi such as B. cinerea, P. cucumerina and A. brassicicola, which do not use stomata to enter the host. Our results suggest that novel strategies for broad-spectrum crop protection could be possible by manipulating signaling events at the entry ports of specific microbes, which should not affect the JA-SA hormonal antagonism, and therefore, avoid the defense trade-off. In the particular case of JAZ2, the new genome editing technologies, such as TALEN or CRISPR/Cas (Boch et al., 2009; Christian et al., 2010; Belhaj et al., 2013) , and the dominant nature of the jaz2Δjas mutation should facilitate its use in crops to improve disease resistance to biotrophic bacterial pathogens, without increasing susceptibility to necrotrophs. This strategy could potentially enable more durable and sustainable resistance in the field.
MATERIAL AND METHODS
Plant Materials and Growth Conditions
Transgenic Arabidopsis lines expressing pJAZ:GUS promoter fusions were developed as we previously reported (Fernandez-Calvo et al., 2011) . 
Bacterial strains
Pseudomonas strains used in this study were Pseudomonas syringae pv. tomato (Pto) DC3000 and the coronatine-deficient Pto DC3000 strain (Pto DC3000 COR−) which is a Pto DC3000 AK87 mutant that carries mutations in cmaA (coronamic acid A) and cfa6 (coronafacic acid 6) [11] .
GUS staining
For JAZ promoter:GUS expression experiments, five to seven days-old seedlings were treated with a mock or 50 µM JA for 2 h and GUS stained as previously described (Fernandez-Calvo et al., 2011) . For JAZ2 protein stability experiments, seven to nine days-old seedlings were treated with a mock or 50 µM COR for 3 h. Then, samples were placed in staining solution containing 50 mM phosphate buffer, pH 7, 0.1% (v/v) Triton X-100 (Sigma-Aldrich), 2 mM 5-bromo-4-chloro-3-indolyl b-D glucuronic acid (X-Gluc, Glycosynth), 1 mM potassium-ferrocyanide (Sigma-Aldrich), and 1 mM potassium-ferricyanide (Sigma-Aldrich) and incubated at 37ºC overnight. After staining, the tissue was soaked several times in 75% ethanol and kept in 5% glycerol until being photographed with a Leica DMR UV/VIS microscope.
Preparation of Pto DC3000 MAMP extracts
Crude Pto DC3000 bacterial extracts (MAMPs) were prepared as previously described 
Stomatal Aperture Measurements
Whole leaves from 4-to 6-week-old Arabidopsis plants were collected and exposed to white light for 1.30 hours while floating in a solution containing 50 mM KCl, 10 µm CaCl 2 , and 10 mm MES-KOH pH = 6.1 (opening stomata buffer) with moderate sacking (50 rpm) to induce homogenous stomatal aperture among all Arabidopsis lines to compare. To do the MAMP-induced closure assays, the previous solution was removed and whole leaves were immersed in opening stomata buffer containing Pto DC3000 MAMP extracts at OD 600 =1,5 (7,5 ×10 8 cfu/ml), 2 µM of coronatine or a mock solution. The samples were further incubated under the same previous conditions for 4-5 hours. Then, leaves were rapidly peeled and abaxial epidermal peels were placed on cover slips and observed with a microscope (Leica DMR). Stomatal aperture (width/length) was measured using ImageJ software. Values reported are the mean of twenty stomata. Error bars represent standard error of the mean (SEM). Stomatal experiments were repeated at least three independent times and representative results are shown.
Bacterial Growth Curves
Bacterial growth assays in Arabidopsis were performed as previously described (Gimenez-Ibanez et al., 2009b) . For spraying infection assays, plants were sprayed with a bacterial suspension containing 10 8 (cfu)/ml bacteria (OD 600 = 0.2) with 0.04% Silwet L-77. For bacterial growth assays by syringe infiltration, leaves were syringe infiltrated with a bacterial suspension containing 5x10 5 (cfu)/ml bacteria (OD 600 = 0.001).
Bacterial growth assays by spray inoculation and syringe infiltration were performed simultaneously and thus, results shown represent comparable experiments. Leaf discs were harvested after two or three days and ground in 10 mM MgCl 2 . Serial dilutions of leaf extracts were plated on LB agar with appropriate antibiotics. Each data point represents the average of seven replicates, each containing two leaves discs from different plants. Error bars indicate standard error of the mean (SEM). These experiments were repeated at least three times with similar results, and representative results are shown.
Statistical Methods
Statistical significance based on Students´s t test analysis was developed by GraphPad
Prism program (*p<0.05; **p<0.01; ***p<0.001).
Quantitative RT-PCR
Gene expression experiments were performed with RNA extracted from 7 to 10-day-old seedlings grown on liquid MS media that were treated with 1 µM of COR for 5 or 20 h or a mock solution. For experiments monitoring PR gene expression, seedlings were treated with DC3000 MAMP extracts at OD 600 =1,5 (7,5 ×10 8 cfu/ml), 2 µM of coronatine or a mock solution for 5 hours as stomata experiments were performed.
Quantitative RT-PCR was performed as it was previously described (Fernandez-Calvo et al., 2011) . Briefly, RNA extraction and cleanup was done using Trizol reagent (Invitrogen) followed by RNeasy mini kit (Qiagen) and DNase digestion to remove genomic DNA contamination. cDNA was synthesized from 0.5 to 1 µg of total RNA with the high-capacity cDNA reverse transcription kit (Applied Biosystems). Two microliters from one-tenth diluted cDNA was used to amplify selected genes. For quantitative PCR analysis, Power SYBR Green was used for gene amplification (Applied Biosystems). Quantitative PCR was performed in 96-well optical plates in a using three technical replicates from one biological sample; similar results were obtained with at least three additional independent biological replicates. Primers for ANAC19, ANAC55 and ANAC72 genes used here were previously described (Zheng et al., 2012) and are as follows:
AtANAC19, 5′-GCATCTCGTCGCTCAG-3′ and 5′-CTCGACTTCCTCCTCCG-3′;
AtANAC55, 5′-GCGCTGCCTCATAGTC-3′ and 5′-CGAGGAATCCCCTCAGT-3′;
AtANAC72, 5′-TGGGTGTTGTGTCGAAT-3′ and 5′-ATCGTAACCACCGTAACT-
3′;
AtACTIN8, 5′-CCAGTGGTCGTACAACCGGTA-3′ and 5′-TAGTTCTTTTCGATGGAGGAGCTG-3′; AtJAZ2 Full Length Forward (AtJAZ2 FL_F), 5′-ATGCCAAGAGATTCATCTTAAAAAA-3′; AtJAZ2 Full Length Reverse
GTGGGTTAGCGAGAAGGCTA-3′ and 5′-ACTTTGGCACATCCGAGTCT-3′;
AtPR2, 5′-GTCTGAATCAAGGAGCTTAGCC-3′ and 5′-CCGTAGCATACTCCGATTTGT-3′; AtPR5, 5′-TCTCTTCCTCGTGTTCATCACA-3′
and 5′-ACGGTGGTAGGGCAATTGT-3′.
ChIP-PCR
For pMYC2:MYC2-GFP and pMYC3:MYC3-GFP ChIP, ten-days-old seedlings were treated with1 µM of COR for 4 h. ChIP was performed as previously described (Busch et al., 2010) and the samples were analyzed by qPCR. Input samples were first used to normalize the results. Fold difference was then calculated by taking ratios between normalized results from the probes (ChIP with antibody against GFP) and the corresponding control (ChIP with no antibody). Finally, the fold enrichment was calculated as the ratio between Col-0 plants and from pMYC2:MYC2-GFP or pMYC3:MYC3-GFP plants. Primers were designed to amplify positions of putative MYC2 and MYC3 binding sites in ANAC019, ANAC055 and ANAC072 promoters at -991, -625 and 776 base pairs from transcription start site were , respectively. The primers used for qPCR are as follows:
and AtACTIN8 ChIP, (AtACTIN8 ChIP F) 5′-GACTCAGATCATGTTTGAGACCTTT-3′ and (AtACTIN8 ChIP R) 5′-ACCGGTTGTACGACCACTGG-3′.
Botrytis cinerea infection assays
B. cinerea infection assays were performed as previously described (Monte et al., 2014) . Briefly five-week-old Arabidopsis plants, grown directly in soil under short-day conditions and at 21 °C, were inoculated with 20 µl of a suspension of 5 ×10 6 spores/ml PDB (Difco). At least 15 leaves (3 leaves per plant) were inoculated per treatment.
Disease symptoms were scored 6 days after inoculation. Spores were quantified in a hemocytometer with a light microscope (Leica DMR UV/VIS). Five inoculated leaves of five different plants were pooled for each replicate. Three independent replicates were measured for each treatment. This experiment was repeated twice with similar results.
P. cucumerina and A. brassicicola strains were kindly provided by C. Castresana (CNB-CSIC). Plugs containing micelium were grown in PDA (OXOID). Spores were collected, resuspended in 15% glycerol and stored at −80 °C. P. cucumerina and A.
brassicicola infections assays were performed as previously described for B. cinerea but inoculating each leaf with 20 µl of a suspension of 3 ×10 7 (P. cucumerina) or 1 ×10 6 (A. brassicicola) spores/ml PDB (Difco). Disease symptoms and spores were quantified as previously described for B. cinerea.
Root growth and anthocyanin measurements
Root growth, chlorophyll and anthocyanin measurements were performed as previously described (Fonseca et al., 2014) . In both cases, 20 to 30 seedlings were measured seven to eleven days after germination in presence or absence of 1 µM of COR or a mock control. Values represent mean and standard deviation (SD). Results are representative of at least two independent experiments.
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The authors declare that they have no competing interests. that contains a deletion of 7 base pairs leading to a JAZ1 protein with a premature stop codon lacking the C-terminal Jas domain. The Jas motif coding region is shown in red.
ABBREVIATIONS
Alternativa: (corregir Andrea)
We identified a T-DNA insertion mutant in JAZ1 in the Weigel collection that we named jaz1Δjas (accession Col-7; Weigel et al., 2000) . This mutant contained a deletion of 7 base pairs that led to a JAZ1 protein with a premature stop codon lacking the Cterminal Jas domain 
